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(57) ABSTRACT

A method and apparatus for smoothing an image representing
foreground or background. The method comprises: dividing
the image in a specified granularity; for a block divided con-
taining a blank pixel and a non-blank pixel, modifying a value
of the blank pixel to a value obtained from a value of the
non-blank pixel to obtain a filled block; obtaining the block
smoothed by performing singular value decomposition on a
matrix of pixels of the filled block, wherein values in the
matrix of pixels of the block smoothed is calculated as a
product of the obtained singular value, a left singular vector,
and a transpose of a right singular vector; and for each of the
non-blank pixels in the block smoothed, restoring the values
of'the non-blank pixels to initial values before the filling step,
so as to obtain a reconstructed block.

11 Claims, 8 Drawing Sheets

i T
3 dividing the image irto a plirafity of blocks {_f
| H

~ 8102

in w spccified granlarity

l

i medifing a value of he blank pixe o2 valve |~ 5104
an the basis ol'a valuc of the -
ixel, 50 as o obtain & filled block

obtaining the block |
o] omooined by po
decomposiiion on a mats

Blox

pixels of dhe filicd

.l\




U.S. Patent Aug. 16, 2016 Sheet 1 of 8 US 9,418,307 B2

J—
=
[o]

{ start }

¥
dividing the image into a plarality of blocks j S102
in a specified granularity

v

modifying a value of the blank pixel to a value I S104
which is obtained on the basis of a value of the non-
blank pixel, so as to obtain a filled block

obtaining the block in which values of pixels are .
o S106
smoothed by performing singular value f
"1 decomposition on a matrix of pixels of the filled
block

Y

restoring the values of the non-blank pixels to J— S108
initial values of the non-blank pixels, so as to
obtain a reconstructed block

'

S110

1ether a predetermined convergence
condition is satisfied?

Fig. 1



U.S. Patent Aug. 16, 2016 Sheet 2 of 8 US 9,418,307 B2

blank block

non~compietely—blank

bl()ck ~~~~~~~~~~~~~ 2 2 R SR e

Fig. 2



U.S. Patent Aug. 16, 2016 Sheet 3 of 8

2
fol

{ start )

A4

US 9,418,307 B2

mtegral multiple of the specified granularity

dividing the image into a plurality of blocks in an I 5302

4

value on the basis of a value of a pixel in the
reconstructed block, so as to obtain a filled block

modifying a value of a pixel in the blank block to a

y

obtaining the block in which values of pixels are

\ 4

on a matrix of pixels of the filled block

,Jf~g306
smoothed by performing singular value decomposition

4

restoring the values of the pixels in the
reconstructed block to initial values

NO whether a predetermined convergence

Wisﬂfﬁﬁed?

S308
I

S310



U.S. Patent Aug. 16, 2016 Sheet 4 of 8 US 9,418,307 B2

reconstructed block blank block

Fig. 4



U.S. Patent

Aug. 16, 2016 Sheet 5 of 8 US 9,418,307 B2
J_S 00
- 2
502
r—{ ividing part]
504
I—SIO ,——[ filling part }
[ control part}J 506
l smoothmg ]
508
l econstructng
_/

Fig. 5



U.S. Patent

Aug. 16, 2016 Sheet 6 of 8
500"
J‘
512 514
J‘ J‘

first converting down-sampling
part part

control part

502

dividing part

504
510 filling part

506

smoothing
part

508

reconstructing
part

S8 516

second converting up-sampling
part part

~

Fig. 6

US 9,418,307 B2



U.S. Patent

Aug. 16, 2016

Sheet 7 of 8

510

control part

dividing part

504

filling part

smoothing
part

506

I 508
reconstructing
part

I 520

Gaussian
smoothing part

Fig. 7

US 9,418,307 B2



U.S. Patent

CPU

801
I_

Aug. 16, 2016

1

ROM /_

Sheet 8 of 8

802

US 9,418,307 B2

803
j—

i

I

I

8o >

805

input/output interface

f 806

input part

Vo807 1]’808 I/—gog 1j—810

output part

storage part

Ve

800

Fig. 8

communication driver
part A
J— 811
detachable
medium




US 9,418,307 B2

1
METHOD AND APPARATUS FOR
SMOOTHING IMAGE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of Chinese Patent
Application No. 201410025101.4, filed on Jan. 20, 2014, the
disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to a field of image
processing, and particularly to a method of and apparatus for
smoothing an image representing foreground or background
by performing data filling on the image.

BACKGROUND ART

In some image processing, some images (e.g. document
images) are divided into three layers of images, i.e. a fore-
ground image, a background image and a mask image. Then,
processing may be performed on the three layers of images
based upon characteristics of the three layers of images
respectively, thereby producing a better processing effect.

However, the background image and the foreground image
are generally not smoothed images. For example, the back-
ground image possibly does not only contain image pixels for
background, but blank pixels are contained at a foreground
pixel position in the background image. On the contrary, the
foreground image possibly does not only contain image pix-
els for foreground, but blank pixels are contained at a back-
ground pixel position in the foreground image. Sometimes,
for example, in order to improve a data compression effect,
values of blank pixels in a background image and/or a fore-
ground layer image are necessarily modified (also called fill-
ing), so as to obtain a smoothed background image and a
smoothed foreground image.

Traditionally, image filling is performed directly in a pixel
domain by using an average value of pixels nearby a blank
pixel region. A filled image obtained from this method is not
smoothed enough.

In addition, a method based upon Discrete Cosine Trans-
form (DCT) and wavelet transform is known, and it performs
DCT and wavelet transform and fills an image in a frequency
domain. This method is generally very slow, and quantization
parameters will influence the quality of filling.

Thus, it is desired to propose a technique capable of solving
the above problem.

SUMMARY OF THE INVENTION

Brief descriptions of the present disclosure will be made
below, so as to provide basic understanding to some aspects of
the present disclosure. It should be understood that the brief
descriptions are not enumerative descriptions of the present
disclosure, and they neither intend to determine the key or
essential parts of the present disclosure nor intend to limit the
scope of the present disclosure, but aim only to give some
concepts in a simplified form, so as to serve as a preamble of
more detailed descriptions later.

A main object of the present disclosure is to provide a
method and apparatus for smoothing an image representing
foreground or background by performing data filling on the
image.

According to one aspect of the disclosure, a method for
smoothing an image representing foreground or background
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by performing data filling on the image is provided, compris-
ing: a dividing step of dividing the image into a plurality of
blocks in a specified granularity; a filling step of, for a block
of the plurality of blocks containing a blank pixel and a
non-blank pixel, modifying a value of the blank pixel of the
block to a value which is obtained on the basis of a value of the
non-blank pixel, so as to obtain a filled block; a smoothing
step of obtaining the block in which values of pixels are
smoothed by performing singular value decomposition on a
matrix of pixels of the filled block, wherein values in the
matrix of pixels of the block in which values of pixels are
smoothed is calculated as a product of the obtained singular
value, a left singular vector and a transpose of a right singular
vector; and a reconstructing step of, for each of the non-blank
pixels in the block in which values of pixels are smoothed,
restoring the values of the non-blank pixels to initial values of
the non-blank pixels before the filling step, so as to obtain a
reconstructed block.

According to a further aspect of the present disclosure, an
apparatus for smoothing an image representing foreground or
background by performing data filling on the image is pro-
vided, comprising: a dividing part, configured to divide the
image into a plurality of blocks in a specified granularity; a
filling part, configured to, for a block of the plurality of blocks
containing a blank pixel and a non-blank pixel, modify a
value of the blank pixel of the block to a value which is
obtained on the basis of a value of the non-blank pixel, so as
to obtain a filled block; a smoothing part, configured to obtain
the block in which values of pixels are smoothed by perform-
ing singular value decomposition on a matrix of pixels of the
filled block, wherein values in the matrix of pixels of the
block in which values of pixels are smoothed is calculated as
aproduct of the obtained singular value, a left singular vector
and a transpose of a right singular vector; a reconstructing
part, configured to, for each of the non-blank pixels in the
block in which values of pixels are smoothed, restore the
values of the non-blank pixels to an initial values of the
non-blank pixels before the filling is performed by the filling
part, so as to obtain a reconstructed block; and a control part,
configured to control the dividing part, the filling part, the
smoothing part and the reconstructing part to perform respec-
tive operations.

In addition, embodiments of the present disclosure further
provide a computer program for implementing the above
method.

In addition, embodiments of the present disclosure further
provide a computer program product in the form of at least a
computer-readable medium, on which a computer program
code for implementing the above method is recorded.

Through the following detailed descriptions of the best
embodiment of the present disclosure combined with the
appended drawings, these and other advantages of the present
disclosure will become more apparent.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the descriptions of the embodiments of
the present disclosure combined with the appended drawings
below, the above and other objects, features and advantages of
the present disclosure would be understood more easily. The
components in the appended drawings aim only to show the
principle of the present disclosure. In the appended drawings,
identical or corresponding technical features or components
will be denoted by using identical or corresponding reference
signs.

FIG. 1 is a flowchart illustrating a method of smoothing an
image according to an embodiment of the present disclosure.
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FIG. 2 is an exemplary view illustrating a plurality of
blocks obtained through dividing in a specified granularity.

FIG. 3 is a flowchart illustrating a method of performing
image smoothing in an integral multiple of the specified
granularity according to the embodiment of the present dis-
closure.

FIG. 4 is an exemplary view illustrating a plurality of
blocks obtained through dividing in an integral multiple of the
specified granularity.

FIG. 5 is a configuration block diagram illustrating an
apparatus for smoothing an image according to one embodi-
ment of the present disclosure.

FIG. 6 is a configuration block diagram illustrating an
apparatus for smoothing an image according to another
embodiment of the present disclosure.

FIG. 7 is a configuration block diagram illustrating an
apparatus for smoothing an image according to a further
embodiment of the present disclosure.

FIG. 81s an exemplary structural block diagram illustrating
a computing device that can be used for implementing the
method of and the apparatus for smoothing the image accord-
ing to the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiments of the present disclosure will be described
with reference to the appended drawings below. Elements and
features described in one figure or one embodiment of the
present disclosure may be combined with elements and fea-
tures as shown in one or more other figures or embodiments.
It should be noted that, for the sake of clarity, representations
and descriptions of components and processing known to
those ordinarily skilled in the art which are irrelevant to the
disclosure are omitted in the appended drawings and descrip-
tions thereof.

FIG. 1 is a flowchart illustrating an image smoothing
method 100 according to an embodiment of the present dis-
closure.

In the method as shown in FIG. 1, an image is smoothed by
performing data filling on an image representing foreground
or background, wherein, the image representing foreground
refers to a foreground layer image, and the image represent-
ing background refers to a background layer image.

As shown in FIG. 1, in Step S102, the image is divided into
a plurality of blocks in a specified granularity.

For example, the specified granularity may be 4x4 pixels,
such that a size of each block obtained by dividing is 4x4
pixels. However, it would be readily understood that 4x4
pixels is only to an example, and the specified granularity may
be in other sizes, for example 8x8 pixels, as needed.

FIG. 2 is an exemplary view illustrating a plurality of
blocks obtained through dividing in a specified granularity,
wherein each block includes several pixels, wherein the plu-
rality of blocks obtained by dividing include both a blank
block and a non-completely-blank block (i.e. blocks contain-
ing both a blank pixel and a non-blank pixel). In the blank
block, all pixels are blank, while in the non-completely-blank
block, both non-blank pixels and blank pixels exist. Although
not shown in FIG. 2, it should be understood that there also
possibly exists such a block that only non-blank pixels exist in
the block, and such a block is not necessarily subjected to data
filling.

Taking the background layer image as an example, the
background layer image contains image pixels for back-
ground only, while blank pixels are at a foreground pixel
position in the background layer image. In this case, a non-
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completely-blank block possibly exists at a boarder position
between a background pixel position and the foreground pixel
position, while a non-blank block possibly exists at the back-
ground pixel position, and a blank block possibly exists at the
foreground pixel position.

Similarly, the foreground layer image contains image pix-
els for foreground only, while blank pixels are at a back-
ground pixel position in the foreground layer image. In this
case, a non-completely-blank block possibly exists at a
boarder position between a foreground pixel position and the
background pixel position, while a non-blank block possibly
exists at the foreground pixel position, and a blank block
possibly exists at the background pixel position.

In Step 104, for a block of the plurality of blocks containing
both a blank pixel and a non-blank pixel which are obtained
through dividing in step S102, i.e. the non-completely-blank
block, a value of the blank pixel of the block is modified to a
value which is obtained on the basis of a value of the non-
blank pixel, so as to obtain a filled block. The value which is
obtained on the basis of the value of the non-blank pixel may
be an average value of the non-blank pixel. However, it should
be understood that the value which is obtained on the basis of
the value of the non-blank pixel is not limited to the average
value, but may be a function of the value of the non-blank
pixel and the position of the non-blank pixel.

In Step S106, the block in which values of pixels are
smoothed is obtained by performing singular value decom-
position on a matrix of pixels of the filled block which is
obtained in Step S104, wherein values in the matrix of pixels
of the block in which values of pixels are smoothed is calcu-
lated as a product of the obtained singular value s, left singular
vector u and the transpose of right singular vector v.

Specifically, assuming that the matrix of pixels to which
the filled block corresponds is B, the left singular vector u
may be calculated as follows:

assuming T=B*B',

fori=1:3

u=T"*u/morm(u)

end

wherein, B' represents the transpose of B; i=1:3 represents
that the number of cycles is 3, but the number of cycles is not
limited thereto, and other numbers of cycles may be set as
needed; and norm(u) represents a mode of the left singular
vector u. In performing cycles, an initial value of u is random.

The singular value s may be calculated as follows:

s=sqrt((T)(0)/u(0))

wherein, sqrt( ) represents a square root function, and “0”
represents a first element of a corresponding matrix. How-
ever, it should be understood that, without the necessity of
taking a value of the first element, a value of any element may
be taken.

The right singular vector v may be calculated as follows:

assuming T=B"™*B,

fori=1:3

u=T*v/morm(v)

end

wherein, B' represents the transpose of B; i=1:3 represents
that the number of cycles is 3, but the number of cycles is not
limited thereto, and other numbers of cycles may be set as
needed; and norm(v) represents a mode of the right singular
vector v. In performing cycles, an initial value of v is random.

An approximate pixel value matrix corresponding to the
block in which values of pixels are smoothed is B,=sxuxv',
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wherein the subscript for B, represents approximate, and v'
represents the transpose of the right singular vector v.

In Step S108, for each of the non-blank pixels in the block
in which values of pixels are smoothed as obtained in Step
S106, the values of the non-blank pixels are restored to initial
values of the non-blank pixels before the filling step S104, so
as to obtain a reconstructed block. This is because that, for the
block in which values of pixels are smoothed as obtained in
Step S106, both the values of the blank pixels and the non-
blank pixels are calculated as a product of the obtained sin-
gular value, the left singular vector and the transpose of right
singular vector. Thus, the initial values of the non-blank pix-
els are necessarily restored, while maintaining the decompo-
sition calculation result of the singular values of the blank
pixels. Specifically, the values of the non-blank pixels in the
approximate pixel matrix B, are restored to initial values of
the non-blank pixels before the filling step S104, so as to
obtain a reconstructed block.

In Step S110, whether a predetermined convergence con-
dition is satisfied is judged.

For example, whether a mean-square deviation of pixels of
two blocks as obtained in two successive iterations is less than
a predetermined value may be judged. If the mean-square
deviation is less than the predetermined value, it is regarded
that the convergence condition is satisfied; and otherwise, it is
regarded that the convergence condition is not satisfied.

If it is judged in Step S110 that the convergence condition
is satisfied, the processing ends. If it is judged in Step S110
that the convergence condition is not satisfied, the processing
returns to Step S106. In this case, in Step S106, the block in
which pixels values are smoothed by performing singular
value decomposition on a matrix of pixels of the recon-
structed block as obtained in step S108.

FIG. 3 is a flowchart illustrating a method 300 of perform-
ing image smoothing by using an integral multiple of the
specified granularity according to the embodiment of the
present disclosure.

The processing in FIG. 3 is similar to the processing in FIG.
1, except for differences in performing the dividing step by
using an integral multiple of the specified granularity, and
performing the filling step, smoothing step and reconstruct-
ing step by using a blank block of the plurality of blocks
which are obtained by performing dividing in the specified
granularity and the reconstructed block obtained in the pro-
cessing in FIG. 1 as the blank pixel and non-blank pixel
respectively.

As shown in FIG. 3, in Step S302, the image may be
divided into a plurality of blocks by using an integral multiple
of'the specified granularity. A size of a block obtained in such
a way is an integral multiple of a size of a block obtained by
performing dividing in the specified granularity.

In Step S304, a value of a pixel in the blank block is
modified to a value which is obtained on the basis of a value
of a pixel in the reconstructed block obtained in the process-
ing in FIG. 1, so as to obtain a filled block.

In Step S306, the block in which values of pixels are
smoothed is obtained by performing singular value decom-
position on a matrix of pixels of the filled block

In Step S308, the values of the pixels in the reconstructed
block obtained in the processing in FIG. 1 are restored to
initial values before Step 306 is performed, so as to obtain a
block after the reconstruction of this time.

In Step S310, it is judged whether the convergence condi-
tion is satisfied. For example, whether a mean-square devia-
tion of pixels of two reconstructed blocks as obtained in two
successive iterations is less than a predetermined value may
be judged. If the mean-square deviation is less than the pre-
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determined value, it is regarded that the convergence condi-
tion is satisfied; and otherwise, it is regarded that the conver-
gence condition is not satisfied.

To smooth the whole image, the dividing step, the filling
step, smoothing step and reconstructing step may be per-
formed by increasing an integral multiple of the specified
granularity progressively, until completion of processing of
all pixels in the image. In other words, processing is per-
formed stage by stage by continuously increasing the granu-
larity used when performing the dividing on the image.

Preferably, the image may be converted from an initial
image presentation space (for example, RGB space) to a
YCbCr image representation space, and then down sampling
is performed on an image in at least one dimension of the
dimensions Cb and Cr, so as to obtain a reduced image in the
at least one dimension. Next, processing described with
FIGS. 1to 4 is performed on the image in the dimension Y, the
reduced image in the dimension Cb and the reduced image in
the dimension Cr respectively. For example, resolutions of
the images in the dimensions Cb and Cr may be reduced to 12
of initial resolutions. However, it should be understood that
the images in the dimensions Cb and Cr are not necessarily
reduced to the same resolution but may be reduced to differ-
ent resolutions as needed. For example, the image in the
dimension Cb may be reduced to %2 of the initial resolution,
while reducing the image in the dimension Cr to Y4 of the
initial resolution. Compared with the image in the dimension
Y, the image in the dimension Cb and the image in the dimen-
sion Cr are of less importance, so even if the image in the
dimension Cb and the image in the dimension Cr are reduced,
processing quality will not be influenced greatly, while pro-
cessing speed will be increased greatly.

After the processing described with FIGS. 1 to 4 ends,
initial sizes of the image in the dimension Cr and the image in
the dimension Cb may be restored by performing up-sam-
pling on the reduced image in the dimension Cr and the
reduced image in the dimension Cb, and then, the images, size
of which are restored, may be converted from the YCbCr
image representation space back to the initial image presen-
tation space.

In addition, alternatively, Gaussian smoothing may be per-
formed on the images ultimately obtained, so as to improve
the smoothness of the images.

The foregoing describes the image smoothing method
according to the embodiment of the present disclosure. The
image smoothing apparatus according to the embodiment of
the present disclosure will be described below. It should be
understood that those contents described for the method like-
wise apply to the corresponding image smoothing apparatus.
Thus, repeated descriptions will be omitted for the sake of
conciseness.

FIG. 5 is a configuration block diagram illustrating an
image smoothing apparatus 500 according to one embodi-
ment of the present disclosure. The image smoothing appa-
ratus 500 smoothes an image representing foreground or
background by performing data filling on the image.

As shown in FIG. 5, the image smoothing apparatus 500
comprises a dividing part or divider 502, a filling part or filler
504, a smoothing part or smoother 506, a reconstructing part
or reconstructor 508 and a control part or controller 510.

Under the control of the control part 510, the dividing part
502 divides an image into a plurality of blocks in a specified
granularity. Under the control of the control part 510, the
filling part 504, for a block of the plurality of blocks which are
obtained by dividing by the dividing part 502 containing both
a blank pixel and a non-blank pixel, modifies a value of the
blank pixel of the block to a value which is obtained on the
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basis of a value of the non-blank pixel, so as to obtain a filled
block. Under the control of the control part 510, the smooth-
ing part 506, obtains the block in which values of pixels are
smoothed by performing singular value decomposition on a
matrix of pixels of the block filled by the filling part 504,
wherein values in the matrix of pixels of the block in which
values of pixels are smoothed is calculated as a product of the
obtained singular value, the left singular vector and the trans-
pose of the right singular vector. Under the control of the
control part 510, the reconstructing part 508, for each of the
non-blank pixels in the block in which values of pixels are
smoothed which is obtained by the filling part 506, restores
the values of the non-blank pixels to an initial values of the
non-blank pixels before the filling is performed by the filling
part 506, so as to obtain a reconstructed block. The control
part 510 controls the dividing part 502, the filling part 504, the
smoothing part 506 and the reconstructing part 508 to per-
form respective operations.

Preferably, the control part 510 may be configured to con-
trol the smoothing part 506 and the reconstruction part 508 to
perform operations iteratively, until a predetermined conver-
gence condition is satisfied.

For example, the control part 510 may judge whether a
mean-square deviation of pixels of two reconstructed blocks
as obtained in two successive iterations is less than a prede-
termined value. If the mean-square deviation is less than the
predetermined value, it is regarded that the convergence con-
dition is satisfied; and otherwise, it is regarded that the con-
vergence condition is not satisfied.

Preferably, the control part 510 may be configured to con-
trol the dividing part 502 to perform an operation by using an
integral multiple of the specified granularity as the specified
granularity, and to control the filling part 504, the smoothing
part 506 and the reconstructing part 508 to perform opera-
tions by using the blank block of the plurality of blocks which
are obtained by performing dividing in the specified granu-
larity and the reconstructed block as the blank pixel and
non-blank pixel respectively.

Preferably, the control part 510 may be configured to con-
trol the smoothing part 506 and the reconstruction part 508 to
perform operations iteratively, until a predetermined conver-
gence condition is satisfied.

Preferably, the control part 510 may be configured to con-
trol the dividing part 502, the filing part 504, the smoothing
part 506 and the reconstructing part 508 to perform opera-
tions by increasing the integral multiple progressively, until
all pixels of the image are processed.

FIG. 6 is a configuration block diagram illustrating an
image smoothing apparatus 500' according to another
embodiment of the present disclosure.

The image smoothing apparatus 500" as shown in FIG. 6
differs from the image smoothing apparatus 500 as shown in
FIG. 5 in that the image smoothing apparatus 500' may further
comprise a first converting part 512, a down-sampling part
514, an up-sampling part 516 and a second converting part
518.

The first converting part 512 may convert the image from
an initial image presentation space to a YCbCr image repre-
sentation space. The down-sampling part 514 may perform
down-sampling on an image in at least one dimension of the
dimensions Cb and Cr, so as to obtain a reduced image in a
corresponding dimension, and send the reduced image to the
dividing part 502.

The control part 510 controls the dividing part 502, the
filing part 504, the smoothing part 506 and the reconstructing
part 508 to perform respective operations. The dividing part
502 may, under the control of the control part 510, divide an
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image obtained by performing processing by the down-sam-
pling part 514 into a plurality of blocks in a specified granu-
larity. The filling part 504 may, under the control of the
control part 510, for a block of the plurality of blocks which
are obtained by dividing by the dividing part 502 containing
both a blank pixel and a non-blank pixel, modify a value of the
blank pixel of the block to a value which is obtained on the
basis of a value of the non-blank pixel, so as to obtain a filled
block. The smoothing part 506 may, under the control of the
control part 510, obtain the block in which values of pixels are
smoothed by performing singular value decomposition on a
matrix of pixels of the block filled by the filling part 504,
wherein values in the matrix of pixels of the block in which
values of pixels are smoothed is calculated as a product of the
obtained singular value, the left singular vector and the trans-
pose of the right singular vector. The reconstructing part 508
may, under the control of the control part 510, for each of the
non-blank pixels in the block in which values of pixels are
smoothed which is obtained by the filling part 506, restore the
values of the non-blank pixels to an initial values of the
non-blank pixels before the filling is performed by the filling
part 506, so as to obtain a reconstructed block.

The up-sampling part 516 may restore an initial size of the
image reconstructed by the reconstructing part 508 by per-
forming up-sampling on the image reconstructed by the
reconstructing part 508. The second converting part 518 may
convert the image, size of which is restored, from the YCbCr
image representation space back to the initial image presen-
tation space.

FIG. 7 is a configuration block diagram illustrating an
image smoothing apparatus 500" according to a further
embodiment of the present disclosure.

The image smoothing apparatus 500" as shown in FIG. 7
differs from the image smoothing apparatus 500 as shown in
FIG. 5 in that the image smoothing apparatus 500" may
further comprise a Gaussian smoothing part 520.

The Gaussian smoothing part 520 may perform Gaussian
smoothing on the image reconstructed by the reconstructing
part 508, thereby making it possible to obtain an image having
a higher smoothness degree.

The fundamental principle of the present disclosure is
described above in combination with detailed embodiments.
However, it should be noted that: those ordinarily skilled in
the art would appreciate that all the steps or components of or
any step or component of the method and the apparatus
according to the present disclosure can be embodied in the
form of hardware, firmware, software or combinations
thereof in any computing device (including a processor, a
storage medium, etc.) or any network of computing devices,
which would be carried out by those ordinarily skilled in the
art by applying their basic programming skills on the basis of
the descriptions of the present disclosure.

Thus, the object of the present disclosure can also be
achieved by running a program or a group of programs on any
computing device. The computing device may be a well-
known universal device. Thus, the object of the present dis-
closure may also be achieved only by providing a program
product which includes a program code carrying out the
method or apparatus. That is, such a program product also
constitutes the present disclosure, and a storage medium stor-
ing such a program product also constitutes the present dis-
closure. Obviously, the storage medium may be any well-
known storage medium or any storage medium that will be
developed in the future.

In the case of carrying out the embodiments of the present
disclosure by software and/or firmware, a program constitut-
ing the software is installed into a computer having a dedi-
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cated hardware structure, e.g. a universal computer 800 as
shown in FIG. 8, from a storage medium or a network. When
installed with various programs, the computer can perform
various functions and so on.

In FIG. 8, a central processing unit (CPU) 801 performs
various processing according to a program stored in a Read-
Only Memory (ROM) 802 or a program uploaded from a
storage part 808 to a Random Access Memory (RAM) 803. In
the RAM 803, data needed when the CPU 801 performs
various processing or the like is also stored as required. The
CPU 801, the ROM 802 and the RAM 803 are linked to each
other via a bus 804. An input/output interface 805 is also
linked to the bus 804.

The following components are linked to the input/output
interface 805: an input part 806 (including a keyboard, a
mouse and the like), an output part 807 (including a display,
such as a Cathode Ray Tube (CRT), a Liquid Crystal Display
(LCD) and the like, as well as a loudspeaker and the like), the
storage part 808 (including a hard disk and the like), and a
communication part 809 (including a network interface card
such as an LAN card, a modem and the like). The communi-
cation part 809 performs communication processing over a
network such as Internet. According to requirements, a driver
810 may also be linked to the input/output interface 805. A
detachable medium 811 such as a magnetic disk, a CD, a
magnetooptical disk, a semiconductor memory and so on is
installed on the driver 810 according to requirements, such
that a computer program read therefrom is installed in the
storage part 808 according to requirements.

In the case of carrying out the above series of processing by
software, a program constituting the software would be
installed from a network such as Internet or a storage medium
such as the detachable medium 811.

Those skilled in the art would appreciate that such a storage
medium is not limited to the detachable medium 811 storing
a program and distributed separately from the apparatus to
provide the program to a user as shown in FIG. 8. Examples
of the detachable medium 811 include a magnetic disk (reg-
istered trademark), a CD (including a CD Read-Only
Memory (CD-ROM) and a Digital Versatile Disk (DVD)), a
magenetooptical disk (including a Mini Disk (MD)) (regis-
tered trademark) and a semiconductor memory. Or, the stor-
age medium may be a hard disk included in the ROM 802 and
the storage part 808, etc., in which a program is stored, and
which is distributed together with the apparatus including it to
a user.

The present disclosure further proposes a program product
storing a machine-readable instruction code. When being
read and executed by a machine, the instruction code may
carry out the above method according to the embodiment of
the present disclosure.

Correspondingly, a storage medium for carrying the pro-
gram product storing the machine-readable instruction code
is also included in the disclosure of the present disclosure.
The storage medium includes but is not limited to a floppy
disk, an optical disk, a magnetooptical disk, a memory card,
a memory stick and so on.

Those ordinarily skilled in the art would appreciate that the
examples listed herein are exemplary, and the disclosure is
not limited thereto.

In the Specification, terms such as “first”, “second”, “nth”
and so on are used to distinguish the described features from
each other in terms of wording, so as to describe the present
disclosure clearly, and hence shall not be regarded as covering
any limitative meaning.

As an example, the respective steps of the above method
and the respective constituent modules and/or units of the
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above apparatus may be embodied as software, firmware,
hardware or combinations thereof, and serve as a part of a
corresponding apparatus. The specific means or manner that
can be used when configuring the respective constituent mod-
ules and units in the above apparatus by means of software,
firmware, hardware or combinations thereof is well-known to
those skilled in the art, and will not be redundantly described
herein,

As an example, in the case of implementation by software
or firmware, a program constituting the software may be
installed into a computer having a dedicated hardware struc-
ture (for example the universal computer 800 as shown in
FIG. 8) from a storage medium or a network. When installed
with various programs, the computer can perform various
functions and so on.

In the above descriptions of the detailed embodiments of
the present disclosure, features described and/or shown for
one embodiment may be used according to the same or simi-
lar way in one or more other embodiments, be combined with
features in other embodiments, or substitute features in other
embodiments.

It should be emphasized that the term “comprise/include”
when used in the text refers to existence of a feature, an
element, a step or an assembly, without excluding existence
or addition of one or more other features, elements, steps or
assemblies.

In addition, the method according to the present disclosure
is not limited to be carried out in the temporal order described
in the Specification, but may also be carried out sequentially,
in parallel or independently in other temporal orders. There-
fore, the order of carrying out the method described in the
present disclosure fails to constitute a limitation to the tech-
nical scope of the present disclosure.

Although the present disclosure and advantages thereof are
already described above, it should be understood that various
alterations, substitutions and modifications may be carried
out without departing from the spirit and scope of the present
disclosure which are defined by the appended claims. In
addition, the scope of the present disclosure is not limited
only to the specific embodiments of the processes, the appa-
ratuses, the means, the methods and the steps as described in
the Specification. As would be readily appreciated by those
ordinarily skilled in the art from the disclosure of the present
disclosure, according to the present disclosure, existing pro-
cesses, apparatuses, means, methods or steps and those to be
developed in the future which perform substantially the same
functions or obtain substantially the same results as the cor-
responding embodiments herein may be used. Thus, the
appended claims intend to include such processes, appara-
tuses, means, methods or steps within the scope thereof.

Based upon the above descriptions, it can be seen that the
disclosure at least discloses the following technical solutions:
Solution 1.

A method for smoothing an image representing foreground
or background by performing data filling on the image com-
prising:

a dividing step of dividing the image into a plurality of

blocks in a specified granularity;

a filling step of, for a block of the plurality of blocks
containing a blank pixel and a non-blank pixel, modify-
ing a value of the blank pixel of the block to a value
which is obtained on the basis of a value of the non-blank
pixel, so as to obtain a filled block;

a smoothing step of obtaining the block in which values of
pixels are smoothed by performing singular value
decomposition on a matrix of pixels of the filled block,
wherein values in the matrix of pixels of the block in
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which values of pixels are smoothed is calculated as a
product of the obtained singular value, a left singular
vector and a transpose of a right singular vector; and

areconstructing step of, for each of the non-blank pixels in
the block in which values of pixels are smoothed, restor-
ing the values of the non-blank pixels to initial values of
the non-blank pixels before the filling step, so as to
obtain a reconstructed block.

Solution 2.

The method of Solution 1 further comprising:

performing the smoothing step and reconstructing step
iteratively until a predetermined convergence condition
is satisfied.

Solution 3.

The method of Solution 1 further comprising:

performing the dividing step by using an integral multiple
of the specified granularity as the specified granularity,
and performing the filling step, smoothing step and
reconstructing step by using a blank block of the plural-
ity of blocks which are obtained by performing dividing
in the specified granularity and the reconstructed block
as the blank pixel and non-blank pixel respectively.

Solution 4.

The method of Solution 3 further comprising:

performing the smoothing step and reconstructing step
iteratively until a predetermined convergence condition
is satisfied.

Solution 5.

The method of Solution 3 further comprising:

performing the dividing step, filling step, smoothing step
and reconstructing step by gradually increasing the inte-
gral multiple until all pixels of the image are processed.

Solution 6.

The method of Solution 2 or 4, wherein the predetermined
convergence condition is whether a mean-square deviation of
pixels of two reconstructed blocks as obtained in two succes-
sive iterations is less than a predetermined value.

Solution 7.

The method of Solution 1, before the dividing step, further
comprising:

a first converting step of converting the image from an
initial image presentation space to a YCbCr image rep-
resentation space; and

a down-sampling step of performing down-sampling on an
image in at least one dimension of the dimensions Cb
and Cr, so as to obtain a reduced image in the at least one
dimension.

Solution 8.

The method of Solution 7, after the reconstructing step,
further comprising:

an up-sampling step of restoring an initial size of the
reduced image by performing up-sampling on the
reduced image; and

a second converting step of converting the image, size of
which is restored, from the YCbCr image representation
space back to the initial image presentation space.

Solution 9.

The method of Solution 1, after the reconstructing step,
further comprising:

a Gaussian smoothing step of performing Gaussian
smoothing on the image which is reconstructed by the
reconstructing step.

Solution 10.

An apparatus for smoothing representing foreground or
background an image by performing data filling on the image,
comprising:
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a dividing part, configured to divide the image into a plu-
rality of blocks in a specified granularity;

a filling part, configured to, for a block of the plurality of
blocks containing both a blank pixel and a non-blank
pixel, modify a value of the blank pixel of the block to a
value which is obtained on the basis of a value of the
non-blank pixel, so as to obtain a filled block;

a smoothing part, configured to obtain the block in which
values of pixels are smoothed by performing singular
value decomposition on a matrix of pixels of the filled
block, wherein values in the matrix of pixels of the block
in which values of pixels are smoothed is calculated as a
product of the obtained singular value, a left singular
vector and a transpose of a right singular vector;

a reconstructing part, configured to, for each of the non-
blank pixels in the block in which values of pixels are
smoothed, restore the values of the non-blank pixels to
an initial values before the filling is performed by the
filling part of the non-blank pixels, so as to obtain a
reconstructed block; and

a control part, configured to control the dividing part, the
filling part, the smoothing part and the reconstructing
part to perform respective operations.

Solution 11.

The apparatus of Solution 10, wherein the control part is
configured to control the smoothing part and the reconstruct-
ing part to perform operations iteratively, until a predeter-
mined convergence condition is satisfied.

Solution 12.

The apparatus of Solution 10, wherein the control part is
configured to control the dividing part to perform an opera-
tion by using an integral multiple of the specified granularity
as the specified granularity, and to control the filling part, the
smoothing part and the reconstructing part to perform opera-
tions by using a blank block of the plurality of blocks which
are obtained by performing dividing in the specified granu-
larity and the reconstructed block as the blank pixel and
non-blank pixel respectively.

Solution 13.

The apparatus of Solution 12, wherein the control part is
configured to control the smoothing part and the reconstruct-
ing part to perform operations iteratively until a predeter-
mined convergence condition is satisfied.

Solution 14.

The apparatus of Solution 12, wherein the control part is
configured to control the dividing part, filling part, smoothing
part and reconstructing part to perform operations by gradu-
ally increasing the integral multiple, until all pixels of the
image are processed.

Solution 15.

The apparatus of Solution 11 or 13, wherein the predeter-
mined convergence condition is whether a mean-square
deviation of pixels of two reconstructed blocks as obtained in
two successive iterations is less than a predetermined value.
Solution 16.

The apparatus of Solution 10, further comprising:

a first converting part for converting the image from an
initial image presentation space to a YCbCr image rep-
resentation space; and

a down-sampling part for performing down-sampling on
an image in at least one dimension of the dimensions Ch
and Cr, so as to obtain a reduced image in the at least one
dimension, and sending the reduced image to the divid-
ing part.
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Solution 17.

The apparatus of Solution 16, further comprising:

an up-sampling part for restoring an initial size of the
reduced image by performing up-sampling on the
reduced image; and

a second converting part for converting the image, size of
which is restored, from the YCbCr image representation
space back to the initial image presentation space.

Solution 18.

The apparatus of Solution 10, further comprising:

a Gaussian smoothing part for performing Gaussian
smoothing on the image which is reconstructed by the
reconstructing part.

Solution 19.

A computer program for implementing the method of any
one of Solutions 1 to 9.

Solution 20.

A computer program product in the form of a computer-
readable medium, on which a computer program code for
implementing the method of any one of Solutions 1 to 9 is
recorded.

What is claimed is:

1. A method for smoothing an image representing one of
foreground and background by performing data filling on the
image, comprising:

dividing the image into a plurality of blocks at a specified

granularity;
filling a block of the plurality of blocks containing a blank
pixel and a non-blank pixel, by modifying a first value of
the blank pixel of the block to a second value obtained on
the basis of a third value of the non-blank pixel, to obtain
a filled block;

smoothing by obtaining a smoothed block in which values
of pixels are smoothed by singular value decomposition
on a matrix of pixels of a filled block, wherein values, in
the matrix of pixels of the smoothed block in which
values of pixels are smoothed, are calculated as a prod-
uct of an obtained singular value, a left singular vector
and a transpose of a right singular vector; and

reconstructing, for each of the non-blank pixels in the
smoothed block in which the values of the pixels are
smoothed, by restoring values of the non-blank pixels to
initial values of the non-blank pixels before filling to
obtain a reconstructed block.

2. The method of claim 1, further comprising:

performing the smoothing and reconstructing iteratively

until a predetermined convergence condition is satisfied.

3. The method of claim 2, wherein the predetermined con-
vergence condition is whether a mean-square deviation of
pixels of two reconstructed blocks as obtained in two succes-
sive iterations is less than a predetermined value.

4. The method of claim 1, further comprising:

performing the dividing by using an integral multiple of the

specified granularity as the specified granularity; and
performing the filling, smoothing, and reconstructing by
using a blank block of the plurality of blocks obtained by
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dividing at the specified granularity and the recon-
structed block as the blank pixel and non-blank pixel,
respectively.

5. The method of claim 4, further comprising:

performing the smoothing and reconstructing iteratively
until a predetermined convergence condition is satisfied.

6. The method of claim 5, wherein the predetermined con-
vergence condition is whether a mean-square deviation of
pixels of two reconstructed blocks as obtained in two succes-
sive iterations is less than a predetermined value.

7. The method of claim 4, further comprising:

performing the dividing, filling, smoothing, and recon-
structing by gradually increasing the integral multiple
until all pixels of the image are processed.

8. The method of claim 1, before dividing, further compris-
ing:

converting the image from an initial image presentation
space to a YCbCr image representation space; and

down-sampling of'an image in at least one dimension of the
dimensions Cb and Cr to obtain a reduced image in the at
least one dimension.

9. The method of claim 8, after reconstructing, further

comprising:

up-sampling to restore an initial size of the reduced image
by up-sampling on the reduced image; and

converting the image, a size of which is restored, from the
YCbCr image representation space back to the initial
image presentation space.

10. The method of claim 1, after reconstructing, further

comprising:

Gaussian smoothing on a reconstructed image.

11. An apparatus for smoothing an image representing one
of foreground and background by performing data filling on
the image, comprising:

a divider configured to divide the image into a plurality of

blocks at a specified granularity;

a filler configured to, for a block of the plurality of blocks
containing a blank pixel and a non-blank pixel, modify a
first value of the blank pixel of the block to a second
value obtained on the basis of a third value of the non-
blank pixel to obtain a filled block;

a smoother configured to obtain a smoothed block in which
values of pixels are smoothed by singular value decom-
position on a matrix of pixels of a filled block, wherein
values, in the matrix of pixels of the smoothed block in
which values of pixels are smoothed, are calculated as a
product of the obtained singular value, a left singular
vector and a transpose of a right singular vector;

a reconstructor configured to, for each of the non-blank
pixels in the smoothed block in which values of pixels
are smoothed, restore values of the non-blank pixels to
an initial values of the non-blank pixels before filling is
performed by the filler, so as to obtain a reconstructed
block; and

a controller configured to control the divider, the filler, the
smoother, and the reconstructer to perform respective
operations.



